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First results of a half-life measurement of 209Po show 20% discrepancy with the formerly recommended
value of 102 (5) years, which was based on a single experiment performed in 1956. After one year of
measurement, a statistical uncertainty on T1/2 of 3.5% has been reached and effects of long-term in-
stability are assumed to be less than 5%. The preliminary half-life value obtained in this work, 120
(6) years, supports the newly determined value of 125.2 (33) years by Collé et al. (2014). The 20% error in
the half-life has an impact on numerous measurements in which aged 209Po solutions were used as a
tracer.
& 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).Collé et al. (2007) published an alarming technical note stating
that the widely adopted value of 102 (5) years for the half-life of
209Po may be in error by roughly 25%. Despite its metrological
importance, the 209Po half-life had never been measured directly.
The sole available half-life value was determined relatively to the
208Po half-life, based on mass spectrometric measurement of
209Po/208Po atom ratios and on measurement of 209Po/208Po ac-
tivity ratios in a proton-irradiated bismuth sample (Andre et al.,
1956). The recommended value of 102 (5) years resulted from a re-
evaluation using an updated value for the 208Po half-life (Martin,
1991).
Suspicion of a considerable error in the 209Po half-life value
rose from inconsistencies in the decay-corrected massic alpha
particle emission rate of a standardised 209Po solution (SRM 4326)
that was tracked between 1993 and 2006 at the National Instituter Ltd. This is an open access article
ommé).of Standards and Technology (NIST). As part of a re-certiﬁcation of
the 209Po solution, the emission rate was re-measured using the
same standardisation technique, but after decay correction a dis-
crepancy of 1.6% was found. The apparent increase in activity was
tentatively explained as due to an error in the decay correction.
Data consistency would require adoption of a longer half-life of
128.3 (7) years (Collé et al., 2007). Also other inconsistencies in
various laboratories have led to suspect that the 209Po half-life has
been greatly underestimated (Collé and Laureano-Perez, 2009).
Recently, Collé et al. (2014) performed a third standardisation
of the same reference material and established an improved 209Po
half-life value of 125.2 (33) years. This result was derived from a
large data set of liquid scintillation measurements of nearly 50
aliquots of the same solution in various measurement conditions
during ﬁve periods in 1993, 1994, 2005, and 2013, i.e. ranging over
20.7 years. Its robustness relies on the stability of the 209Po solu-
tion and the trueness and repeatability of liquid scintillation
counting (Broda, 2007) used as a primary standardisation techni-
que (Pommé, 2007a).under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Fig. 1. A typical 209Po spectrum taken with counter 2. The signals below channel
1000 are excluded from counting.
Fig. 2. Decay curve of source 2 (bottom) and the ﬁtted half-life (full line) compared
to the erroneous half-life (dashed line). Residuals to the ﬁt for sources 1 and 2 (top),
due to statistical variations in the decay rate.
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use as a tracer for 210Po in geophysical studies (Matthews et al.,
2007), since both isotopes each emit alpha particles at different
characteristic energies (4.884 MeV for 209Po and 5.304 MeV for
210Po) which are clearly distinguishable in an alpha spectrum. The
209Po activity concentration value of a standardised solution can
be used for decades, provided that correction is made for decay
since the reference date. A signiﬁcant error in the 209Po decay
correction propagates directly to the derived 210Po activity. An
error of 20% on the 209Po half-life corresponds to about
t 0.115%
A T
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error on the decay correction per elapsed
year (Pommé, 2015).
Different measurement techniques are applied for the mea-
surement of nuclear half-lives (Pommé, 2015). A commonly used
technique is repeated activity measurements of a mononuclidic
source under stable conditions and ﬁtting an exponential function
to the decay curve to obtain the decay constant from its slope. For
half-lives longer than hundreds of years it is not feasible to mea-
sure accurately the decrease in counting rate over a reasonable
length of time. In such cases, a measurement of speciﬁc activity
may be resorted to, which implies three main stages: absolute
measurement of activity concentration in the source material,
weighing of the source mass and determination of the isotopic
composition. The mass determination can be skipped by means of
a relative measurement of two (or more) isotopes in one material,
a strategy also followed by Andre et al. (1956).
In this work, the decay curve method is used in spite of the
inconvenient half-life, since the attainable accuracy sufﬁces to
solve the huge discrepancy between the published data. The pure
209Po material in 2 M HCl solution was provided by Analytics, Inc.
(Atlanta, GA, USA), with a calibration certiﬁcate stating that im-
purity levels are less than 0.1% at reference date 27 Nov 2007. Two
209Po sources of roughly 13 and 18 Bq were made at IJS: the ﬁrst by
spontaneous deposition on a silver disk and the other by electro-
deposition on a stainless steel disk. The sources, in particular the
one on a silver disk, tended to emanate some polonium and were
therefore covered by two VYNS foils, after which no material loss
could be observed.
At IRMM, two ion-implanted silicon detectors (PIPSs) with
900 mm2 sensitive area were used for the detection of alpha par-
ticles, both equipped with a metal source holder placed directly on
the housing and the sources positioned face down in a central
recess. Thus, the space between source and silicon crystal was
small and the subtended solid angle was nearly 2π sr. The mea-
sured initial count rates were 4.6 s1 and 8.0 s1, respectively.The measurements were run continuously and a spectrum was
saved on a daily basis. A sample spectrum in Fig. 1 shows the clear
separation between the alpha signals and the detector noise,
which ensures a low sensitivity to electronic drift. The spectrum
does not show alpha peaks at energies above 4.9 MeV, thus ex-
cluding the presence of 208,210Po impurities. The ampliﬁcation and
energy cut-off were left unchanged and the sources were never
physically moved. The spectral shape and in particular the tailing
fraction remained unchanged, which is an indicating that no ad-
ditional counts were lost due to diffusion of Po in the backing. The
count rates were corrected for dead time (o0.016%) using a live-
time technique, and an average background rate of 0.002 s1 was
subtracted for both counters.
Besides possible hidden instabilities, counting statistics is one
of the main sources of uncertainty. The uncertainty propagation of
the statistical uncertainty on the activity sA/A of n measurements
performed over a time interval [0,T] towards the half-life un-
certainty is calculated from (Parker, 1990; Pommé, 2015).
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The formula implicitly assumes that the data are independent,
therefore is only applicable to statistical (short-term) variations,
and not to auto-correlated (medium and long-term) variations
(Pommé, 2007b, 2015; Pommé et al., 2008). The collected data
have nearly the same statistical accuracy, with a standard devia-
tion of sA/A¼0.16% and sA/A¼0.12% for source 1 and 2, respec-
tively. With a total of n¼342 and n¼328 data over a period of
T¼369 days and T¼359 days, the propagation factors from sA/A to
T/T 1/21/2σ are 32 and 33.5, respectively.
The residuals to the ﬁt of an exponential decay curve to the
measured count rates is shown in Fig. 2. The standard deviation of
the residuals does not exceed the Poisson uncertainty, which
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hidden through a smooth long-term behaviour. The graph also
shows the decay curve of source 2 and the hypothetical curve
corresponding to the erroneous half-life of 102 years. The half-life
value obtained from both sources is consistent – 119 (6) a and 120
(5) a – and the weighted mean is 119.7 (38) a.
An estimate of the medium and long-term instability effects
has to be included in the uncertainty budget (Pommé, 2007b,
2015; Pommé et al., 2008). The assumption of a systematic error of
20% on background subtraction and a hypothetical 0.025% activity
contribution by a short-lived radionuclide (T1/2¼2.9 a) would re-
present an error of 0.9% on the half-life. No medium-term in-
stabilities could be observed, but a tentative value of 0.02% was
assigned to invisible long-term drift due to e.g. geometrical
changes, source degradation, electronic shift, etc. over one year of
measurement, which propagates to 3.5% uncertainty. The com-
bined standard uncertainty is then 4.7% or 6 years.
Our result, 120 (6) a, is consistent with the 125.2 (33) a of Collé
et al. (2014) and the weighted mean of both values should cur-
rently be the best available estimate of the 209Po half-life: 124
(3) a.
Further improvement can be expected when more data will
become available from the continuation of this experiment and
from other decay data providers. The old reference half-life value
of 102 a can be considered as erroneous, which will have con-
sequences on a vast amount of measurement data collected over
half a century.References
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